IN 1870 it was demonstrated
that the maintenance of normal cardiovascular function is dependent upon the integrity of structures which are located in the rostra1 portion of the medulla oblongata of the brain stem. (For studies of Dittmar and of Owsjannikow, see 2.) It was later suggested by Porter (18) that this bulbar system might be subdivided into a "vasoreflex" center and a "vasotonic"
center. In an attempt to localize these bulbar centers with greater accuracy, Ranson and Billingsley (20) explored the floor of the fourth ventricle with stimulating electrodes searching for vasomotor reactions. They identified relatively discrete points which yield significant responses to low intensity stimulation:-a pressor point in the fovea inferior at the apex of the ala cinerea and a depressor point in the area postrema just lateral to the obex. They also found somewhat variable pressor responses in the region of the facial colliculus which they attributed to Porter's %aso-tonic" center. Chen, Lim, Wang, and Yi confirmed the presence of the pressor and depressor points and contended that the pressor point represents a center concerned with the excitation of the entire sympathetic system (6) while the depressor point is concerned with the inhibition of the sympathetic system (10). On the other hand, the concept that these points on the floor of the fourth ventricle represent integrative centers for pressor and depressor functions has been challenged by Scott (21) . He found that destruction of these regions by cautery did not interfere with normal pressor and depressor functions except in so far as there was damage to afferent vasomotor pathways.
These divergent points of view were resolved by exploring the deeper structures of the medulla, a procedure which was made possible by the introduction of the HorsleyClarke stereotaxic instrument.
Orienting fine needle electrodes with the aid of this instrument, Wang and Ranson (22) explored the entire substance of the brain stem from the pons to the decussation of the pyramids. A similar though less extensive exploration has been carried out by Monnier (12) . This method revealed extensive pressor and depressor regions within the reticular formation of the medulla which yield maximal or near maximal responses to low intensity stimulation.
This evidence served to confirm the contention of Scott that the discrete points on the floor of the fourth ventricle are of little function lasignificance, since they are merely points where the deeper lying centers come close enough to the surface to be stimulated by superficial electrodes.
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It seems pertinent to re-evaluate the functional significance of these pressor and depressor centers, considering them as reticular systems rather than as superficial regions on the floor of the fourth ventricle. To add greater clarity to the analysis, use has been made of the technique of recording directly from the peripheral nerves whose activity is controlled by these centers; a method which has been applied with notable success by Pitts and his associates in investigating the problem of hypothalamic influence on cardiovascular control (16) and the function of the bulbar respiratory centers (14) . The scope of the present analysis is restricted to the sympathetic vasoconstrictor and cardioaccelerator system, since the enhancement or inhibition of the tonic activity in these effecters is the major factor responsible for the pressor and depressor responses obtained by central stimulation.
This study does not concern itself with other cardiovascular regulators such as the vagal supply of the heart and the vasodilator efferents, even though it is probable that these latter systems are in close functional association with the constrictor-accelerator system.
METHODS
All experiments were performed on cats. (13) .
Careful analyses of the responses obtained were correlated with direct anatomical identification of the electrode positions and maps of responsive areas constructed. In general these maps were in good agreement with those published by Wang and Ranson, There were some minor discrepancies in the exact delimitation of the centers and there was considerable divergence in the distribution of submaximal responses. These discrepancies might well be related to differences in technique, notably in the different form of stimuli employed. Until some basis is presented for identifying the discrete anatomical elements which constitute the centers, these discrepancies would seem to be of little significance-especially when one bears in mind that even with uniform technique successive animals may show considerable variation in the precise distribution of responsive points. This exploratory study therefore does not warrant publication in detail, but is summarized briefly in the following paragraphs and in Figure 1 gion continue caudally dorso-lateral to the inferior olivary nucleus. At the level of the decussation of the medial lemniscus, scattered points yielding moderate pressor responses become somewhat more numerous especially throughout the dorsal columns, but these submaximal responses appear to be due to stimulation of the ascending afferent pathways in this region.
Typical maximal pressor responses are restricted to a relatively small area overlying the lateral reticular nucleus. Moderate depressor responses are found at points scattered through the tegmental structures of the pons overlying the medial lemniscus. Just caudal to the pons, however, depressor responses almost entirely disappear except for the region of the vestibular nuclei and a fairly discrete area near the mid-line. These mid-line depressor points appear to constitute a band of tissue represented in Figure 1A by the gap in the pressor region and are suggestive of descending depressor pathways, possibly including the fibres in this region which descend from the hypothalamus (3) but which do not mediate hypothalamic pressor responses (23) . Significant depressor regions are not encountered until one passes caudal to the facial nucleus. As the rostra1 pole of the inferior olivary nucleus is approached, maximal depressor responses appear in the mid-ventral region of the reticular formation overlying the pyramidal tracts. This depressor region becomes progressively larger, extending dorsally to the nuclear gray and somewhat laterally so as to include most of the medial reticular formation throughout the length of the inferior olive. Maximal depressor responses continue to be found in the medial reticular formation down through the decussation of the medial lemniscus.
Origin of tonic activity. Inspection of Figure 1D reveals that the centers are so located as to make possible differential elimination of pressor and depressor regions by transecting the brain stem at appropriate levels. Transection through the auditory tubercle (Fig. lD-I ) removes a significant portion of the rostra1 pressor region without encroaching on the depressor region. Section at a level slightly rostra1 to the obex (Fig. lD-II) removes a large part of the pressor region while still leaving a major portion of the depressor region intact. Finally, section of the cord at C1 (Fig. lD-III) yields a spinal animal isolated from the bulbar pressor and depressor centers. In a series of 9 cats lightly anesthetized with chloralose and an additional series of 5 unanesthetized decerebrate cats, serial transections of the brain stem have been carried out and the resulting deficiencies studied. The results obtained from the two series were quite comparable.
Transections as far caudally as the lower third of the pons have no significant effect on blood pressure or on the tonic activity recorded in the inferior cardiac nerve. Transection at lower levels yield results such as those illustrated in Figure 2 . The initial record in this figure illustrates the characteristic tone in the inferior cardiac nerve of a normal preparation; the mean blood pressure of 108 mm. is typical for cats with open thorax. Subsequent recordings show the changes produced by transecting the brain stem at the levels indicated. The amount of amplification of the nerve potentials relative to the control level is given for each segment of the recording. It will be noted that section at I leads to a considerable fall in mean blood pressure correlated with a significant reduction in tonic accelerator activity. Section at II produces a maximal fall in blood pressure together with a , where experience has shown that there is never as complete an absence of tone as that seen here in the low bulbar animal. The transformation from this atonia of the low bulbar animal to the typical hypotonia of the spinal animal by section at III is shown in the latter recordings of Figure 2 .
Repeated experiments of this type, including transections at levels intermediate to those illustrated, made it clear that loss of tonic activity correlates closely with a loss of corresponding portions of the pressor region of In addition, it is evident that under the conditions of these experiments the depressor region exhibited tonic activity. The uniform appearance of low grade cardioaccelerator tone when the cervical cord of the atonic low bulbar animal is sectioned must indicate a release from tonic depressor activity descending to the spinal cardiovascular centers from the depressor center in the medulla.
Site of reflex mediation. Cardiovascular reflexes were tested in the course of the transection experiments described above. Single shocks of moderately strong intensity delivered to the central end of the sciatic nerve produce a volley of impulses in the inferior cardiac nerve. When given repetitively, these stimuli elicit the typical sciatic pressor reflex. In Figure 3A and B are illustrated the results obtained from two reasonably typical experiments in which the effect of transection on the single shock response was studied. In the first animal (A) good tonic activity was present before the transection and single shocks to the sciatic produced a heavy barrage of impulses in the inferior cardiac nerve. Subsequent section at I greatly depressed this response. The recording shown here is typical of these experiments in the variability of the response that is obtained after section at this level. It will be noted that there is a definite response following the first stimulus, no response following the last, and the intermediate responses are question-able. Transection of the brain stem at II completely abolished both the tonus and the reflex response. The second series were obtained from an animal which exhibited a relatively low initial tone. In this case (3B) the reflex response was completely abolished by section at I.
It appeared possible that this state of areflexia following loss of the pressor center might merely be due to a loss of the excitatory tone descending from the medulla to the spinal centers. If this were true, some alternate procedure for increasing the excitability of the spinal centers might permit FIG. 3. Influence of brain stem transections (cf. Fig. 1D) the sciatic pressor reflex to become patent as a purely spinal reflex (5). Recent evidence (1) has demonstrated that anoxia has a marked stimulatory action on spinal cardiovascular centers. Therefore low bulbar and spinal animals were subjected to anoxia while the response to strong stimulation of the sciatic nerve was being tested. In spite of repeated attempts to elicit this reflex employing every conceivable variation in method, it has not been possible to demonstrate a pressor reflex in the acute preparation once the pressor region in the medulla has been eliminated. A typical anoxia experiment with single shock stimulation is shown in Figure 3C ; repetitive stimulation at either low or high frequency was equally ineffective in spite of the appreciable increase in tonic activity produced by the anoxia. In the light of this evidence, it seems justified to regard the somatic pressor reflex as undergoing true reflex mediation through the bulbar pressor center, thus reinforcing any component of this reflex which may be purely spinal in nature.
In contrast to pressor reflexes which show great impairment after section at I, depressor reflexes remain quite active. In fact the pulmonary reflex (4) is frequently more pronounced after eliminating the rostral portion of the pressor center (Fig. 3D) . Furthermore, a rise in blood pressure produced by injecting adrenalin gives a reasonably normal depressor reflex after section at I as seen in Figure 3E . Note that the rise in blood pressure results in vagal slowing of the heart as well as sympathetic inhibition.
This indicates that depressor reflexes remain patent as long as the depressor center and its afferent inflow are intact.
Bilateral organization of centers. In general the sympathetic outflow to the cardiovascular system is not concerned with the isolated activity of discrete units but exhibits changes in the functional activity of the system as a whole. As a consequence one might expect close interrelation and extensive decussation of the bilateral halves of the bulbar system. For a direct analysis of this relationship, the inferior cardiac nerve was prepared for recording cardioaccelerator activity and from the cervical sympathetic trunk of the same side groups of fibres were isolated which gave evidence of being vasomotor in function. Two pairs of electrodes were then placed at bilaterally symmetrical positions in the pressor centers of each side of the medulla. It was thus possible to record alternately from either cardioaccelerator or vasomotor fibres while either the ipsilateral or contralateral pressor center was being stimulated.
As an experimental expedient, cardioaccelerator responses were usually tested with single shocks to the pressor center, while repetitive stimulation was required to obtain significant responses in the cervical sympathetic.
Supplementary experiments were performed which gave evidence that the form of stimulation was not responsible for any qualitative difference in the responses obtained.
The responses obtained in the inferior cardiac nerve of one side from sending identical single shock stimuli to the ipsilateral and contralateral pressor centers are shown in Figure 4A and B. It will be seen that large responses were obtained from both sides of the medulla. Experiments of this type showed a fairly uniform tendency for the ipsilateral response to be on the average somewhat greater than the contralateral response, indicating that there is not complete decussation of the control of cardioaccelerator activity. Nevertheless, a large degree of decussation is apparent. This relationship is to be contrasted with the vasomotor responses obtained from the cervical sympathetic of the same preparation illustrated in Figure 4C and D. Ipsilateral stimulation (C) produced a large amount of activity in the nerve; yet there was barely a suggestion of activity produced by stimulation of the contralateral pressor center (D). In spite of this absence of contralateral response, the rise in blood pressure (just beginning at the end of the portion of the record shown) was from 100 mm. to 215 mm. in the course of ten seconds of contralateral stimulation. This absence of a contralateral response was quite typical, although in some preparations a very brief burst of activity may appear at the moment of stimulation.
With extensive exploration of the medulla pressor points can be found which give significant activity in the contralateral nerve, but the scattered distribution of these points would appear to identify these responses as being the result of chance stimulation of afferent pathways to the contralateral side which are not an integral part of the centers as a whole. Studies on more than 20 animals have revealed that as a rule there is no significant response in the cervical sympathetic to stimulation of the contralateral pressor center. Of even greater interest than the lack of contralateral excitation was the presence of contralateral inhibition with stimulation of the pressor center on one side. Although there is relatively little tonic activity present in the ROBERT S. ALEXANDER typical cervical sympathetic preparation, dissection will usually reveal scattered fibres which exhibit tonic activity of low frequency. Such a fibre, which fired quite regularly at about once a second, is shown in Figure 4E . Stimulation of the contralateral pressor center inhibited the rhythmic firing of this fibre. In another instance an animal was encountered which exhibited an unusually high degree of tonic activity in the cervical sympathetic correlated with the development of circulatory shock. The partial inhibition of this tone by contralateral pressor stimulation is shown in Figure 4F . In this instance the recording speed was slow enough so that the pressor response to the contralateral stimulation may be seen in the figure. A more controllable procedure for producing activity in the cervical sympathetic is to subject the hypothalamic pressor area to repetitive stimulation. This results in a fairly steady state of activity in small groups of fibres dissected from the nerve. When the contralateral pressor center is stimulated simultaneously with the ipsolateral hypothalamic pressor center, there is a marked inhibition of the activity as shown in Figure 4G . As yet exhaustive exploratory experiments have not been carried out to determine whether this contralateral inhibition is typical of the entire bulbar pressor region, but it is not to be regarded as a chance occurrence since it may be obtained quite uniformly from the lateral regions of the reticular formation which are most uniform in yielding maximal pressor responses.
DISCUSSION
The use of the Horsley-Clarke stereotaxic instrument to locate '%enters" covering the extensive regions represented by the bulbar cardiovascular centers is open to some justifiable criticism owing to the fact that it is impossible to determine whether the electrodes are stimulating afferent, association, or efferent elements. This criticism is only partially met by the assumption that a response of large magnitude must represent a fairly generalized excitation of the pool of closely associated neurones constituting the center. In the present study, however, the transection experiments serve to confirm the exploratory experiments. The fact that functional deficits resulting from transections at various levels are in close agreement with what would be anticipated from the exploratory experiments leaves little doubt that the centers as identified by exploratory stimulation have a real functional significance.
The observations on tonic activity would indicate that as a first approximation the bulbar pressor center may be regarded as an extensive pool of neuronal elements each of which is contributing its fractional part to the general excitatory state and tonic function of the sympathetic outflow to the cardiovascular system. In respect to the depressor center, the demonstration of tonic depressor activity is of particular interest. In view of the nature of these experiments, any conclusions as to the degree of depressor tone in the normal animal are unwarranted.
The real importance of this finding, however, is that it establishes the depressor center as a functional entity rather than merely a region through which inhibitory afferents travel to reach the pressor center, as has sometimes been proposed (21) . The records demonstrate that in addition to whatever intrabulbar association pathways there may be, there must also be pathways descending from the caudal portion of the medulla to the spinal cardiovascular centers which are capable of tonically inhibiting their activity. This tonic inhibitory activity originates at a level that corresponds with the depressor center as identified by exploratory stimulation.
The descending pathway from this depressor center doubtlessly involves the tracts in the dorsolateral columns of the cord which Lim, Wang, and Yi (10) found to mediate the depressor response obtained by stimulating the area postrema. This study has failed to reveal any evidence of a vasotonic center anatomically distinct from a vasoreflex center, since the transection experiments revealed a very close correlation between tonic and reflex deficits after removal of portions of the bulbar centers. The only basis for such a concept appears to be the experiments reported by Porter (17, 18, 19) which he recognized as being highly indirect and inconclusive.
In the absence of any other evidence, therefore, the most acceptable view would be to regard the central mechanisms for both tonic and reflex functions as being dependent upon excitability changes in the same cellular elements, whether these changes in excitability be due to persistent environmental influences or to specific afferent bombardment.
It has been demonstrated that there is extensive decussation in the bulbar control of cardioaccelerator activity, while there is no significant decussation in the excitatory influences exerted by the bulbar centers on the cervical sympathetic.
In addition it has been possible to demonstrate reciprocal inhibition of the cervical sympathetic on one side with stimulation of the contralateral bulbar pressor center. Since these cervical sympathetic fibres gave evidence of being associated with vasomotor control, this pattern of organization makes possible a selective control over the blood supply to structures on one side of the head. These observations raise the question as to whether such a unilateral organization might be found more generally in the control of the sympathetic outflow to the vasomotor system. Such a viewpoint would be substantiated by the fact that the pressor response to stimulation of the bulbar pressor center of one side is abolished by ipsilateral hemisection of the cervical cord (7, 9) , although there is some evidence of vasomotor decussation at lower spinal levels (9) . Even in the cervical sympathetic, however, the dissociation of the bilateral halves of the pressor system does not extend throughout the entire neuraxis, since the hypothalamic centers exhibit extensive decussation in their influence on the activity in the cervical sympathetic (15) . More extensive investigations of the central control of activity in the various levels of vasomotor outflow must be carried out before it will be possible to assess the type of bilateral integration that takes place in the vasomotor system as a whole. 
